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region before it becomes steeper and approaches an exponential function
of dose at higher doses (Figure 3-1) (Ha80). Transformation incidence, as
expressed by frequency per surviving cell, increases with dose up to a few
Gray, and reaches a plateau at higher doses. While the transformation
data are often plotted in terms of frequency per surviving cell, they can
also be expressed as frequency per initial cell at risk when applying these
in vitro data to whole organisms. This approach is also illustrated in Fig-
ure 3-1 where the dose-response transformation curve rises at low doses,
reaches a maximum, and falls at higher doses to eventually parallel the
cell-killing curve. The curve represents a balance between transformation
and cell killing and indicates that cells destined to become transformed
have a survival response similar to that of untransformed normal cells. The
peak of the dose-response curve for transformation frequency per initial
cell at risk often reaches higher values for densely ionizing radiations, such
as neutrons and alpha particles than for x rays or gamma rays.

Dose Rate and Dose Fractionation

For low-LET radiations, the consensus is that cell survival is enhanced
by a decrease in the dose rate or separation of the dose into a number of
fractions. Effects on the yield of transformants, however, are more complex.
It has been reported that for low-LET radiations, splitting or fractionating
the dose or reducing the dose rate can either enhance (Bo74, Ha81, Li79)
or decrease (Hi84) the transformation frequencies in a variety of in vitro
transformation models. More recent studies suggest that the proliferative
status of the cells may account for some of the observed variation (Lu85).
Using C3H10T1/2 cells, Hill et al. (Hi85) have compared dose-response
transformation curves for gamma rays and for fission spectrum neutrons
delivered in both a single exposure or in multiple small fractions. Although
fractionation was observed to result in a sparing effect on transformation
by gamma rays, it increased the rate of transformation by fission spectrum
neutrons (Ha79, Hi85). Since enhanced transformation was observed after
exposure to multiple low doses or a continuous low dose rate, compared
to high-dose-rate fission spectrum neutrons, the relative biological effec-
tiveness (RBE) of neutrons relative to that of gamma rays was larger at
low-dose rates than at high-dose rates. As outlined in chapter 1, these
observations have important practical implications for the selection of an
appropriate RBE for neutrons.

Linear Energy Transfer (LET)

Comparisons of various high- and low-LET ionizing radiations for
their abilities to induce oncogenic transformation in several cell systems